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© opUca, — ,o„ o, ana,o 8 an. <■*,», «~ op«ca, ™o— *m V 
outputs. 

e A nove, optica, system is taught ^f^^^. " 53 

mput port for receiving the optca! s.gna from *f °^vinaTmodulating signal, and complementary output 
signal from the optical source, a modulator, ^ jST^'.^JSte one or more optical receivers at the 
port signals. The complementary m ^^° U ^£' t ^o complementary signals are provided to two 
other end of an optical transmission Ink. ^^ST^o^ modulated signals, for example, in a cable 
separate optical receivers, thereby allowing d.st ibuton^ of opt cawy complernentar y modulated s.gnals 

television or other type distribution ^^T^^^^ content to the complementary recover 
are aoolied to a single balanced rece.ver. thereby providing ' n °™ balanced receiver, common 

She power level available on either one ^^^^£^S^ln one embodiment of this 

mv^a^o^^ 
^Tnt^^^ 
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distribution of te.evision signals a n d trfcS * ^J , ! S ! nbutton * video si 9<^- The broadcast 

examples of analog communications *S»tZ£EZt L ? ™ Cable are most obv '°"s 

transmission lines such as co^ 'c^^t^ ^ T Vide0 Si9na ' S ' the attenuation of 

dictating the use of the transmission . 0^3^^%^ '! Peater amp ' ifierS are si 9 nificant f ^tors 

(AM,. In particu.ar. AM-vestigia. sideband "tT^to^T** name ' y *™ pM » de Modulation 

for the reduced bandwidth of AM 21^^^^?" " " teteViSi0n - ™ e P6nal,y t0 be ? aid 

req r^rrrts h,9her si9nal 10 no,se rat, ° 

repeaters, as described by J. iJic,^F^S^J mT? > S ' 9na ' S ° V6r '° n9er distances *thout 
Links." NTCA Technica. papers Las Vegas ^98^0 7 t c ^T' VSB/AM Transmiss ' on «, Fiber Optic 

wrt Te^rChT ~ ^XtSSSS si9nal is a c — — 

sensitivity of the optical recedr A^o o^ne^ ^Tl^ J"** " * ^ ar * the 

the optical source. Second order and i^^SLL non-fcneanty of the modulation characteristics of 
interference among the transmit channels M Cr ° SS ' ta,k ' inter ™ d ^"°n distortion, and 

are ^"TZ^T:^ ™ — — *>' « — transm.ss.on 
characteristics. SeC ° nd ° rder d,stortlon resu,tin 9 from the light-current modulation 

and Externally Modulated RF RbSS^U^-^L^^ 5 ^ Characteristics * direct Modulated 
When using an externally moduSed Hgnt source Is^ 9 TeChn °'- V °' »• 18 °-387. 1987. 

wave (CW, mode. i.e. « conw^p^"Ji " the ' aSer is ™ in th. continuous 

port. The resulting optica, output signal Cm Con, ™ dulator - a.so has an e.ectrica. input 

1984: R. Alferness. "Titanium DiffuLrS^l w Gu.ded waves and integrated optics). Wiley, 
ironies", to. Tamir ed.. Sprmger-V^J , 1 "f ^T * "^^-Wave Optoe.ec- 

structured as either a phase modula S between cro J* Tl P ™ " m0du,a,or mav 

superposing the outputs of two phase "mSSZs^TS TfTE" k?'^ " " in,erferom ^^ device 
electro-optic phase modulator i T constructed [ bv ™- 1 Mach - Zehnde '' interferometer. In turn, an 
electro-optic, i.e. when an e.ec ric f*.d TapoLd to 71 ^ bMm 3 material which « 

^* W""--™.- W ™- - «■ thus the 

o P tic2 ~rr :rrnr ^ e, ~ — «~ > 

integrated-optic devices tend to r^TLT^L^f^ u" m,Crol,fho 9 ra P ni c techniques. Such 
dimensions of the optica, guides ^ Mk *™ the small 

Another type of moduLon aS pon S^SjSS^ ? h ° P l Ca ' 9UidSS are very intens *. 
as shown in Fig. 4. Po.arization modu.a ion s aSiSSS^STb? ^..""h* than its intensity, 

between two orthogonal propagation modes of anTntln^i ^ , P modu| at'on. but by conversion 
sion. as described by R Alferness "TitoSm nm T> T ° Pt ' Cal wave 9 uide - TE-TM mode conver- 
Wave Optoe.ectronics y », to. T^/^^ d 1 ^ , ^ Niobate , W ^* Devices", in "Guided- 
is shown in Fig. 4. Polarization modulaS^in^S; !!?' f 6X3mP ° f such a P° lari ^tion modulator 
- P^i,, Loca,. on , h e j£ £ T^^T^^^T^ ~ 
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Vl which se.es to phase shift the optica, beam ^^^0^ * 
.ocated out-of-p.ane to electrode 404, and "^^^^Sw have been used to modify an 

*»t^ output beam - such dev,ces> 

wT^eratd atL mediation rates are modulating the drive current of 

The advantage of externally modulating a laser ^°PP° S m e ^ on cr y eated when modulating the laser 
the laser is that the so called chirp effect : - ^^^^ on . the intensity noise of lasers 
current - is avoided. Also, more signrficant for ^ Jb^opt, broadband modulator, 

which are run CW at constant power tends to be lower than tha dwtaHhe add.f onal 
The main disadvantage of externa. .^^^^^ the modulator. A large fraction of this 
modulator, with increased cost, complexity, and ^^°^^6b a voltage-light characteristic that .s 
,oss is inherent or intrinsic in the phys.cs of a mcdulat <%££^£«* A of the curve correspond to 
tvoically a raised cosine curve, as shown in Figure 5. Th ^X or intrinsically in the absence of excess 
Smum transmission (on-state) of the dev.ce. .^^J^T?!?*. The minimum points B 
Tosses (absorbtion of light in the O^.ng matena^ ) the from reachin g the output. For 

represent the off-state of the dev.ce. where point Q. the so called quadrature point, 

analog transmission, the device is b.ased at the 50 /.to ^mission po po intthe lineanty is 

At te quadrature bias point Q. half the light is ^ted^n he dev^e . howe ^ ^ 
the best. i.e. modulation signal ^J^^ 0 Z\T^e curve from a straight line, 
deviations with only slight distortion, caused by ^ deviat on * me flbe r-optic transport, s.nce the 

Analog AM transmission systems and d.stnbuf on ° e requirem ents on RIN and on 

distance between electrical 

Unfortunately, a major disadvantage of ^^ortant to find ways of further reducing the 

to distribute mlny optical fibers from the ^^^^^JL the outgoing multiple fibers, 
of reducing the number of transmitters used ^^^^^Ld lasers in terms of the non-hnear 
The advantage of using external modulators vs. d.rectW rmoau . Cornpari son of Second 

^modulation distortion have been ^^.^ Q ^^SS and an LiNbOa External Modulator", 
and Third Order Distortion in Intensity M ^ ulate V 6 f^tS Houston Texas. February 1989. where 
35 p n apeTwK2. OFC89' Conference on Optica. Fiber ^^^^ but higher third order 
it was concluded that externaj modulators tend It have lo ^ sec dQwn ^ second order distortion of 
distortion than directly modulated lasers. However «m*Wr**^ P device fe bjased . Vanous 

an externa, modulator depends on ^^^^^^^^t^v^^o^^^ 
fabrication imperfections, temperature changes, opto cal ^mage. substa ntial. 
40 he quadrature point, in which case the second ^^f^^^zing an externa. Mach-Zehnder 
A recent experimental demonstration of AM fife* u * d 5y a high power 

45 described hereunder with reference to the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
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Roure I ° * P "*' ""^ M ^ Motional coupler: 

5™ I *"" C s * *■*=<" balanced-bridge interferometer 0 . prior 
Rou^ ?n 7 an ° ,,,er com " tem ««^ output optica, modltor 
S"e ST^ 0 '" «"f*»— y °u.pu. modulafor; 
inven^f aeP ' C,S 3 ba ' anCed «■** «— oonstractec to accordance »„„ the teachings o, „ s 

polarizations on a single optical path c O">P'ementary optteal signals to be transmitted in different 

R°T ? PiC ' S ' he P olafeati O" «ate of the structure ol Figure 12a 

link to the transmitter end of the optical link- 6 rece,vin 9 end of an optical 

— Sr ^ ~~ ors--— — « «• O, 
^-JSTiTSKSS: ,p 8 plurali » p ' ~ — *» « 
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one optical input port for receiving iUe op^Z^LTlZ "TT ™ ^ m ° du ' at0r havin 9 at ,ea * 
a modulating signal, and complement^ V^^Ti^TT " modulation P°* far receiving 

be applied to one or more optical r^ve^at t Je l*l COm * e ™^ adulated output signals may 
embodiment of this invention, the two cSSll^SS. ? ^ transmiss '°" **■ '« one 

thereby allowing distribution of Of^nSSSiSTf ^f* * tWO Sef>arate ° ptical receive '*- 
distribution system. In another embodimem o? hfs Son LT^ *' 3 t6 ' eviSion ° r other 'vpe 
applied to a balanced receiver, Ihereby^tfi ♦ COmplementa ' * modulated signals are 

twice the power .eve. avai.ab.e on either Z o^7S^ * ** com P ,em ^ receiver at 

common mode error signa.s cancel. therebyTnc^ 3 ba,anced receiv ^ 

in one embodiment of this invention a s taSTSEJj 9 n ° ,Se ^ ° f the sys,em 
modulated signa.s are ^nJT^^^^^^^ * ^ *. two optical.y 
rece,v,ng end of the link. In one embodiment of this mint ^ ? b8 ' n9 se P arate, V detected on the 
Po.arization states between the two coC^XST iS t0 mSUre 



DETAILED DESCRIPTION 



ol optical po»e, In externa! optical nZZ^TZV^*' in, * sic "» s " °< »» 

epecification also discloses a new ,T,r^ ** ""^ "#» " <**"*°« ™" 

mdd Ute „„ 9 signal distortio „ for ssiijssr* a,,d ,o ,educe me even ° rders °' 

Complementary Output Modulation 

In prior art external modulation techniques for fihor-™*;,. au . 
d-ssipated in the external modulating device became oTms ZlTT**™- ™ the optical power is 

- SO. „hich is .sfed ,„ prior ^^111^^X1^^ 
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utiHzed in accordance with the teachings of this invention to £ ^ 

receiver, as required in situations involving distr.but.on o ^ *^SJ used to recombine 
example, or to the same receiver, in which case a novel signal an jmportant benefit 

the two signals. When the previously wasted power >s routed to the same receive 
results: partial cancellation of RIN and even orders of distortion. 
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Complementary Output Devices 

,n accordance with ft. teachings of this invention. ™<«^J™^ « tZ"fteMn 
used, such that optica, energy is not wasted w Ms rather £jhnjd -from ^ 
accordance with the modulating s.gnal. Unlike pnor art '^grated op«c . m w , e ouput 

ports, in accordance with the teachings of th,s mvent.on | ~2 | ^^ m S^ to . plurality of optica, 
ports is used to provide multiple output s.gnals wh.ch are ^^neously routefl I to P 
divers (Fig. 15c). or simultaneously routed ^^^J^^^^S^^ the teachings 

response to the modulating signal. in thp rievice on the average. The 

absorbtion loss. . ™ n ,HanrP with the teachings of this invention 

"Guided-Wave Optoelectronics", to. Tamir ed.. Spnnger-Verlag. 1988. and >ndud e 
the balanced-bridge interferometer (also known as a 2 x 2 sw.tch). a dev,ce wh.ch 

couplers with a two-arm interferometer in between (Fig. B). consisting of integrated optic device 

P An additional complementary modulation means shown! **££T^Z^ 1091 feeds two- 
1090 including Y-junction 1091 which rece.ves ^ f^^J^L^Ooi. Tto inpirt aignal te ^ 
arm phase-shifting interferometer 1093. wh.ch in turn ^^^STioS. The interferometer arms 
into two equal components. Each propagates over ^^^^^^o interferometer arms are 
are sufficiently separated to prohibit evanescent "^.^^^^TU equipped with control 
connected to the two input ports of directonal coupler VJ^^^LSTa simUar device has been 
electrodes 1194 to adjust the splitting ratio as des.red, ^ ^P' e * ^complementary output ports, 
used in another context as a one-by-two switch, havmg one nput port «k ^«^» ^ d ^ device 
Yet another complementary modulation means, shown ,n_ Fig 1 * £ Xed to preven t 

1060 comprising two-arm phase-shifting mterfe ™ ^^^^^^ is used to 
» 2T!oS ^ZSX^^™~ -BS. thus performing 

°^oS 

° f Tpa:~ 0r pora ti n g directional coupler type devices rather Jj^^ Tn"^ 
transmitter makes efficient use of the available power ^-^^ 

distribution netwoiKs with power than was previously wasted m ^^^^^ wltn the integrated 
Preferably, a CW laser source of h,gh power and low RIN is used d )aser such as 

Er doped glass laser operating at approximately 1.5 um wavelength. 
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monolithic device. 
A Single Balanced Optical Receiver 



mod^^To^^ ^ outputs which carry 

separate optical rec^TTo^t^JZ^* * ^ ° Pt ' Cal ' eCOiver 900 rather ,han 10 two 
photodetectors 902-1 902^ in ordeMn ' * IS ° 8W * 3 ba ' 3nCed receiver which ««« two 

to RIN. S nee ^T^TolS r^tT^ S T' an " al te ' mS °' lhe reduc,it »' s »™= « A due 
— intent ^E^^^^^Sr^!: TST '™ T 



mode signals 
Balancing of gains and matching of delays 



baJc^ 7^-nt of Fig. 11 is that the ^ cnannels 

presumably generated ^S^^e ^'^l^ T^V 0pfiCa ' m0dU ' ati0n Si 9 na,s which are 
polarity and equa. -.^^^^^l^,!?? am P htud * at the transmitter maintain opposite 
two paths will arrive ■ .phase at te^Zr*n«T~ , SiQna,S which are commo " to *e 

the two paths shoufd be ^equaulTthe InLf ^ ere,c ! re P erfect 'y cancel. For this purpose, the gains in 
should be equal to the alio of ZZl UneqUa ' am ^ d ^- «he ratio of the gains 

same tube are cisenT P C * 1 * tuch 5,ay ln "9 h ' P™*""* <» 9 «°e- 5 from the 

« the °utput c, the S^^SSSS^^Sr'-" °' ' ** - — 

equipment methods suTSThe u e ToTOR ^cTt n™^"' 1" "' mm ' n9 ^ te °° ,hs ™> 
Polarization multiplexing of complementary channels 
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Identifying each complementary channe, with one of ^^^^^^^^^ 
and modulating the polarization of the two states ,na ««^^^S^eases. For linear states of 
of one polarization increases, the amplrtude of the other poanzat xn decrea 

polarization, this corresponds to rotating the plane ^J^^^^^^m^^^ci,^ 
polarization state, the-push-pu.l complementary operat.on ^^^a7S&p6d^). as depicted in Fig. 
ellipse (this change of tilt may or may not be accompan ed by • « fcpdcW ^ ^ . g 

12b . At the receiver end. a means of demuK, plexing ^ ^ J^^^ ^ ^ orthogor-I 
provided by a polarization diversity recerver wh.ch se Pff eS n th ! ^detector The outputs of the two 
polarizations, and detects each polarization separately ,n IJ^^^J^i This subtraction of 
photodetectors are then signal processed by subtraction the modulation 

the two polarization powers results in reinforcing the ^.*f!*^^^ equal quantities with 
signal affects the two polarizations with oppos.te polant.es. Thus, subtracting two eq 
opposite polarities, results in doubling each ^fg"^^^ delay between the two polarization 
^fS:: 7^1^-™^ the two Rations propagating in the 
same fiber see essentially the same optical path. 



Polarization control 
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A polarization modulator should be used to rotate the *f * ™ 
the 45 *gree position of the bias state. ^"^J^^^^SSLr will tend to be 
polarization maintaining fiber is used the state of Poanzation_ u launched aUhe ^ ^ 

maintained at the receiver. With polarization mamta ™ng *ber . *e *o ' £ nc *> po , a rization at 

preferably aligned with the axes of the polarization. ^\ re ^'^% % degrees with respect to the 
the transmitter, at the output of the polarization modulator, is preferably at 45 degree 

axes of the fiber. rvMari 7 ation fluctuations may occur, wherein a 

If regular fiber is used, the problem is encountered toat polanzatj «ni * bire fringence of 

polarization diversity receiver. installed in the receiver, ahead of the 

the two polarizations into balance. 
P olarization controller in the transmitter 

poison controller In the transmitter rather ri* environmental oondltions 

embodiment v*h respect to cable te ^^^^^t^rre^dnione<) headend. Another 

sun*— asKsrstxt: - — 

^rre^rr^ 

from receiver 131 back to the transmrtter. Fiber 129 Altern atively. as shown in Fig. 

achieve this telemetric transmission and Cose the - P*m>*an ^^^"J Ration controller 
U, an additional fiber link 1429 is used to feed ^ETStt «l feedback loop receiver 

14C1 located in transmitter 1488 In any event. ^^^^ ^ syste m will be limited by the 

5 z r^ss. ^nis^ - ?s£ - - — — — 

fiber is generally slow. • „„„^„ii or nn ri rinlarization modulator are combined in 

the ^^^^^^^^^ — - * T& ™ 
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polarization control and polarization modolauon *' ,,:> ' n,e9ra ' e ,,,e '"° ' unc,l0ns <* 

Comparison with Prior Art 

- P- - .vices, as compared 

used which is capab.e of producing peaToutou t ^ 9 f p ASSUming an ° PtiCa ' SOurce is 

direct.y modulated laser would . ^ m ° dU,ati ° n " 3 Sine wave " a 

power (0 5) P As *hnwn £ hT P ^ mg peak power P ^ and th ^ average optical 

providef l P o^ r^STJUt? d~; d e CW °°TT "* t6aChin9S " 

approximately 2 dB loss. Thus the totaLuDu^wl ?Z V ^ ^ °' P ~* wi,h onl V 

power level of only -2 dB f om the ootil « P *" deV,Ce ° f Ws invention allows 3 total average 

or on.y t dB from the opt.cal source, a s.gnificant improvement over the prior art. 

TABLE 
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Device 



Directly modulated 
laser 

Mach-Zehnder 

Directly modulated 
laser coupled to a 
Y-splitter 
Mach-Zehnder 
Modulator coupled to a 
Y-splitter 

One embodiment of 
Figure 15c 



Output Power When 
Modulated by a Sinewave 



one output port @ (0.5) 

Ppeak ("3db) 

one output port @ (0.5) 

Ppeak ("3db) 

two output ports each @ 
one-half (0.5) P peak (-6db) 

two output ports, each @ 
one-half (0.5) P^ (-6db) 

two output ports, each @ 
(0-5) Ppea,, (-3db) 



Intrinsic 
Loss 



0 

2db 
O.ldb 

2db 

£2db 



Total Loss 



3db 
5db 
3.1db 

5db 

S2db 



serve four receivers Any number of ^1 referenCe to F, 9 S - 16a " 16 c- AH three compared systems 
system by repaateSy^^ in ^ a fiber optic distribution 

systems of Figs 16a-16c assume that H« .»« 9 P 1° SP " nerS ° r COuplers For com P a ™9 these 

intrinsic losses of the nod^tos ne rn^nZ T P "" ° PtiCa ' ^ P ' and that ^ 

channels (e.g. fibers^ SS^iSS? * £ ^ ' 9n0rin9 the attenuati °" " the optica, 
fiber-optic couplers. ^Z^TZ^l^^-^ "* the Sma " ,osses in th * 

or the mediator) to make an excursTo T/Z? oT£f? ? ^"rf ' WhiCh C3USeS ,he SOurce (either the ,aser 
sinusoidal intensity mediation - - 

Mach-Zehnder modulator 

four^Ss^ ° f ^.16a provides a total optica, power appl.ed to the 

couplers 163 164 and 165 aln ?~ >- I ! *° r ° f 8 ' S com P° sed ° f three factors of 2. two caused by 
piers 163, 164. and 165, and one caused by the intrinsic loss of Mach-Zehnder modulator 162. 

Complementary Output Modulato r 

on shown m F.g 16c provides a total optical power applied to the four receivers 1 66 

8 
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183 to provide two complementary output signals. 
Directly Modulated Laser (P/8M) 

"a prior art directly modu.ated laser system of Rg. 16b provides a total 

two caused by coup ler^17 . ™ * d tQ the com p leme ntar y output modulator system of 

power output is reduced by a factor or ^ as compdieu k neaative the output power of 

pp^S pTerVthe second arm ,o cause the ^^^^cC^ "Son is Me. 
As has no» been explained. We complementary output modulation technique io ms 

incorporated by reference. . illustration and example - 

Although the foregoing invention has been described ,n some detol by way ht 

departing from the spirit or scope of the appended claims 
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Claims 



1. An optical transmission or distribution system comprising: 
a transmitter comprising: 



40 



45 



said optical ouput signals and applies the extracted P^^^^jX^ c^m^rnentery output 
instantaneous basis, thereby maintaining the sum -^t^E, ^ssion channels 

° Pti f AntptS, system as in claim 1 wherein substantially the entire power from said optica, source, less 
intrinsic losses, is available in said complementary <f^<^"«~^ one or more optical fibers. 

" "system as"Tv,he re ,n said Integrated-op^ca, halanced-bndge Interferometer comprises: 
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as r P ut p p°o r ;rr ted to said second ° utput port ° f said *■* «■ a 

L^T' COUP ' er haViP9 3 ,lrSt inpUt POrt co "^cted to said first output port of sa.d two-arm 

s^nr^'oSr^ port connected to said — — p - °< - — z 

conrtr-tnTr ^ ?T * "'"Urometer further comprises a first waveguide 

connected between sa,d first tnput port and said first output port, and a second waveguide connec ed 

be ZZ ZErT"! inPUt S6C0nd ° Utput P0rt - Whe ' ein -bstantiaHy no%h is coup ed 

h^w! T SeC ° nd Wave 9 uides ' and herein said modulating signal causes relative phase sS fts 

between the s.gna.s on said first and second output ports of said two-arm interferometer 

inrJ ™* hT ? m , Claim 8 Wh6rein S3id Splitt6r com P ri ^s a directional coupler having first and second 
input ports and first and second output ports, wherein light from the optica, source is coupld onto said Tst 

-XSXSSSZ !^t^SZ~ s a Y " iunction havin9 an input port used * 

coupte^comSg 35 " C ' aim 6 in ^ aied -°^ adulating means comprises a directional- 

at least two input ports; 
at least two output ports: 

twoTr IT?!* 6aCh ^ inPUt t0 an one of said output ports; 

two or more electrodes .n proximity to the optical channels- and 

chine's" 3PP,yin9 S3id m ° dUlating Si9na ' t0 SaW electr ° des in to «he light in said optica, 

h*2l' A $ySt r , aS Cl3im 5 Wh6rein Said inte 9^ed-optical device comprises a Y-fed directional couoler 
atTa'stro opS c P l P °r ? te3St ^ ° PtiCa ' ports ' "herein'said optical^te 0 ^^ 

moH ^ oPt'cal channels wh.ch may transfer optica) power from each other as controlled bv the electr c 
modulating s.gnal by means of electrode structures in proximity to the optica, channels 

14. A system as m claim 5 wherein said integrated optic device comprises- 
JUST* ,nterfe : 0meter havin 9 a firs * inPUt Port coupled to said first output port of said first directional- 

:s:; p r coup,ed to said second ° utput pon ° f said 4 ^^x^z 
^fr sri ^^^^^^ - - — 

' . System as ,n c,aims 8 - 1 0- or 14 wherein said directional couplers further comprise biasinn 
laJViS t^tL 1 " hWBin ° P,iC< " Source comprises a dte,ribuM « <*•*«* «nta»duclo, 

~ a T^ m trr„zs. cons,aM ou,pu ' w a ~-* ,3 ~ - 

21. An optical transmission or distribution system comprisinq- 
an optical source; 

a balanced optical receiver comprising: 
a first and a second optical input port- 

first means for coupling a first of said complementary optica, output signa.s to said first optica, input port of 
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30 



^«t~H second o, said complementary optica, output signals to said second optical 
input port of said balanced optical receiver; Dr0 vidina a first detected signal; 

°„1S!nTwha,* said moduiaeon signals comprise analog signals. 
~£ A system as in Calm 27 wherein said one or more eiders o, said Jrs, means tor coupling and 

Ta system as in Cairn at wherein said —enter, *5^.^^*S^ 
STS 9 . ■^'S.S: « a seeomd o, said oomplemen- 
""ST^E! 5 in Cairn 29 herein said single optiea, beam is oanammed on one o, more optical 
"Si. A system as in claim 29 herein *** 

""TESTES '"wherein said first and second means tor coupting comprise a single m a. 
M « M( ^1»^'«^* I 3^ opUcal receiver ^her comprises polarization 

t ,ii= -^^xTd^roTs^ — «. 

^rJ^^Xl ^ — according to * 

37. A system as in claim 29 which further comprises: 

notarization preserving Boer serving as said means for coupling, and 

rsssrszs."ss^ — *° — - ^ ri2ation * ms iwut of •* po ' art2a, ' on 

mTs <« SScUng the imbalance between said two complementary optica, output signals at said input 0, 
said polarization diversity means; and rp< . rinnse to said means for detecting the 

°' Tb rst.t\* e :,™herein said polarization control means is included in said receive, before 
*-» 3? whe(ein sald transforming means is included in said 
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!XT™™ aid m "^' 0 ' de,euin 9 «» imbal »M i" polarization is included in said receive, and which 

cent's y'r/ene 1 imeora,^ ^f TE V*? "" — — « 

modulator. integrated ept.e TE-TM mode converter in tandem with at least one phase 

- a„ech„ fl fta phase shit, in the ^Z^^Z^^^^^ 
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© A novel optical system is taught includ.ng an 
optical source, an optical modulator (128) having at 
least one optical input port for receiving the optical 
signal from the optical source, a modulation port for 
receiving the optical signal from the optical source, a 
modulation port for receiving a modulating signal, 
and complementary output port signals (132). The 
complementary modulated output signals are applied 
to one or more optical receivers at the other end of 
an optical transmission link. In one embodiment, the 
two complementary signals are provided to two sep- 
arate optical receivers, thereby allowing distribution 
of optically modulated signals, for example, in a 
cable television or other type distribution system. In 
another embodiment, the two complementary modu- 



lated signals are applied to a single balanced re- 
ceiver, thereby providing information content to the 
complementary receiver twice the power level avail- 
able on either one channel alone. Furthermore, utiliz- 
ing a balanced receiver, common mode error signals 
cancel thereby increasing the signal to noise ratio of 
the system. In one embodiment of this invention, a 
single optical transmission channel is used, and the 
two optically modulated signals are separated in 
polarization (132) so as to be capable of being 
separately detected on the receiving end of the link. 
In one embodiment feedback means is used to 
insure proper polarization states for the two com- 
plementary signals. 
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